Abstract-A cross sectional study was done among 47 hand-held vibrating tools workers with the objective of obtaining the current prevalence of hand-arm vibration syndrome (HAVS) and the association with vibrotactile perception threshold (VPT) and sensory threshold in a tropical environment. Questionnaire was administered in determining reported related symptoms of HAVS, Pallesthesiometer (EMSON-MAT, Poland) was used in obtaining the sensory threshold of index and little finger. Measurement was done at 31.5 Hz and 125 Hz. Results indicate 49% of the shipyard workers were manifesting HAVS symptoms. Most were exposed to the equally high intensity level of HAVS due to continuous use of vibrating hand-held tools. The VPT values were significantly higher for both fingers and both frequencies compared to the normal healthy population. No significant association was found between the reported HAVS and the level of VPT and (Monofilament) among the workers. As a conclusion, the prevalence of HAVS was high but lower compared to those working in an extreme cold environment. In addition, a higher mean of VPT value and Sensory threshold was observed compared to the normal healthy population.
INTRODUCTION
Hand-arm vibration (HAV) is a condition in which worker is in constant use of tools and vibrating machineries. Most of the tools are often handheld by the workers [1] such as those used in, automotive, shipyards and construction. Such tools are jet chisel, drill and jackhammer, grinder and others. (Figure 1) The effect of HAV has been reported by investigators [2] and has the possibility of leading to various disorders in the circulatory, sensory-neural and musculoskeletal disorders especially related to cumulative trauma disorders (CTD) or hand arm vibration syndrome (HAVS). Most of the reported symptoms include numbness sensation, tingling, and eventually lead to loss of nerve sensitivity [3] . HAVS is also referred as white finger disease or Raynaud's phenomenon especially among those who are working in cold or temperate environment. In detecting HAVs, the onset of the disease, one will feel tingling sensation with numbness of the fingers commonly used for operating vibrating machine or handheld tools.
Often, pathological evidence such as discoloration (whiteness) and inflammation of the fingers appears when one is exposed to cold temperature and then turns red and painful when the hand was warmed up again. Cold temperature or wet weather may worsen the condition and a simple action such as picking up small objects becomes difficult [4] [5] .
Vibrotactile perception threshold (VPT) is one of the recommended diagnostic tools used in determining the severity of HAVS. VPT is considered as reliable method of detection for peripheral neuropathies in the early stage of impairment. VPT has the ability to detect a threshold shift of periphery nerve at different frequencies after significant duration of exposure and the magnitude of vibration exposure due to HAV. The current question arise in determining deterioration of manual dexterity due to HAVS is the lack of a single tools in the use of screening and impractical especially when diagnosing in the field. It has been reported that the use of vibration perception threshold value cannot be the only indicator in determining HAVS.
Among other tests available that is relatively inexpensive and easily administered are the Semmes Weinstein Monofilament (SWM) set which investigates peripheral sensory perception. Additionally, where most patients with reduced sensory perception exhibit deterioration of manipulative dexterity, Purdue Pegboard had also been widely used in diagnosis of HAVS.
There have been many studies on the effect of HAVS in temperate countries in determining the relationship between handheld power tool usage and HAVS exposure [1, 3, [6] [7] [8] [9] , however, limited research findings was documented among those working in tropical environment or hot environment. Although there are no single gold standards to confirm the presence of HAVS, this study used VPT measurement to determine the severity of HAVS. Therefore, the main objective of this study was to determine the association between the prevalence of HAVS and sensory threshold using VPT among those working in a tropical climate.
II. METHODOLOGY

A. Subjects
Forty seven healthy and fit male (mean age of 30±7.60 years) shipyard workers with no previous medical history of neurological disorders, musculoskeletal injuries or any vascular disorders were purposively selected among 106 shipyard workers in Pasir Gudang, Malaysia. Majority were categorized as "finishing grinders" with the main job task of grinding at the structure and piping sections of ship fabricated. Most had been working for approximately 2 years and worked up to 8.1 hours and constantly use hand-held tools while working. Ninety six percent were right handed and 43% were identified as smokers. All are exposed to paints which have solvent as part of active compound.
B. Questionnaire
In determining the prevalence of HAVS, data was obtained by face to face interview using modified HAVS questionnaire by [10] . They were briefed regarding the questionnaire and had to fill in a consent form in order to participate in the study. The questionnaire includes information needed such individual background, occupational and medical history, current health condition and symptoms related to HAVS. Operational definition of HAVS in this study as reported symptoms (such as discoloration of any finger and, numbness or tingling sensation of any finger).
C. Vibrotactile perception threshold
A Pallesthesiometer (P8 EMSON-MAT ® , Poland) developed according to the ISO 13091-1 standard [11] was used to measure the VPT as shown in Figure 2 . Before each VPT's measurement was obtained from the workers, a pre-test was performed at the little and index finger of both hands. However, VPT measurement was recorded only from the dominant hand using the frequencies of 31.5 and 125 Hz. Skin temperature of the finger was obtained at the distal phalanx of all four digits (Normal skin's temperature ranging from 31.49 to 31.64 0 C) using an infrared thermometer using a noncontacted infrared thermometer on Room temperature was maintained at 29.03±0.47 0 C as recommended by ISO 13091-1 [11] .
In maintaining the quality control of the study, respondents was prohibited in taking cigarettes, drink caffeine or alcoholic beverages, nor engage neither in vigorous exercise less than an hour before VPT measurement. They were also asked to refrain from any work using hand-held vibrating tool for at least 3 hours prior to VPT measurement. Additional factors such as room temperature and noise were also controlled when measurement is to be conducted. During measurement, the respondent placed their hand on a special support (Figure 3) . This is to ensure full contact between the fingertip area (whorl) and the tip of the probe. The probe was maintained by the respondent by using the force on his finger at 0.1N. As recommended by ISO 13091-1 [11] , the vibration magnitude was increased until the subject was able to perceive the sensation from the probe. The whole process was performed repeatedly (three times) in order to establish the threshold level at 31.5 Hz and 125 Hz. To maintain a uniform perceived sensation, each of the test intensity was maintained within ± 2dB. Any values differed from the mean value by more than ± 2dB will be automatically rejected.
D. Calculation of threshold shift
The reference threshold shift was obtained based on the difference between the reference and observed value of VPT (at 50 th percentile of 31.5 Hz and 125 Hz) expressed in decibels. The formula of reference threshold shift is expressed as: (1) Where the observed VPT at the ith frequency, T(f i )obs indicate threshold of observation, and the T(f i ) ref VPT indicate reference value threshold within the same frequency. The reference VPT was benchmarked according to the standard in ISO 13091-2 [12] . In order to determine the association reported symptoms of HAVS, the data of each threshold shift was then coded as positive reference threshold shift and no threshold shift. The result of the measurement is mapped as shown in Figure 4 . 
E. Statistical analysis
The study used frequency tests including percentage, mean and standard deviation to determine the socio-demographic and occupational information such as duration of employment, prevalence of HAVS, the mean value of VPT at 125HZ and 31.5 Hz. The association between VPT with HAVS complaints was determined using Chi square (2 x 2 tables). Statistical Package for Social Sciences (SPSS), version 15, was used in the data analysis [13] .
F. Ethical clearance
The Ethics Committee of Faculty of Medicine and Health Sciences, University Putra Malaysia had approved this study with no ethical issues related to data collection.
III. RESULTS The study shows that nearly 50% of the respondents reported complained regarding numbness and 6.4% (n=3) of them reported a tingling sensation while none reported any discoloration g of the finger. The prevalence of HAVS was reported at 48.9% indicating moderate prevalence. The result also showed that the result of positive threshold shift shows 100% at 31.5 Hz and 79% at 125Hz ( Table 1 ).
The results from Table 2 showed there is no significant association between VPT threshold shift with the complaint of HAVS (p >0.05). The study showed that the workers who had peripheral neuropathies had positive mean reference threshold shift at 31.5 Hz. 
IV. DISCUSSION
A. Trend of Hand Arm Vibration Syndrome
The trend of HAVS among the shipyard grinders in tropical climate is moderate with majority of symptoms observed were neurological neuropathies related to numbness and tingling sensation. No pathological lesion of discoloration or whiteness among the respondent was not observed.
However, the finding shows that lower prevalence of HAVS among grinders in this study as compared to previous studies (78.2%) [14] , [15] , (62%), (98%) [16] . When comparing to normal population, the prevalence of HAVS in this study is higher compared to the normal population [8] [9] [17] [18] [19] . In addition, [20] reported that the prevalence of tingling or numbness felt on fingers among control or unexposed male population is at 11.9% [20] .
The trend of moderate prevalence of HAVS is due to several possible factors including duration of exposure, climate condition and age. Reference [14] [15] , reported that the mean age of the shipyard workers were 41.4 years old and 36.8 years old respectively. This study shows lower mean of age group (mean = 30 years old) compared to [14] [15] . However, this study is comparable with report by [9, [17] [18] [19] in Indonesia and Vietnam (mean age of 31.2 years old). The length of employment in this study was relatively shorter (mean = 2 years) compared to two previous studies by [15] , (mean = 23.3 years of exposure) and [14] , (mean = 10.8 years of exposure).The finding indicate a gap of job duration between the current research compared to both previous studies [14] [15] . However, the duration of exposure is similar with finding in Vietnam, Papua New Guinea and Indonesia. The findings concluded that factors of climate (more than 25 0 C), younger age and shorter work experience play may play important roles in reducing the vibrating effect [8] [9] [17] [18] [19] .
The finding indicate that warmer work environment especially that involve in outdoor work conditions is influenced by the local tropical climate (28 0 C to 35 0 C) which will inhibit the patho-physiological development of vibration-induced white finger [8] [9] [17] [18] [19] . Warmer environment may initiate the vasodilatation of blood vessels, which will enhance more blood flow in the extremities such as fingers. The mechanism of HAVS among those in tropical climate will have different symptom and severity, unlike among those working in temperate regions.
B. The Association of VPT reference threshold shift with HAV symptoms
The study is not able to associate between the mean reference threshold shift and reported symptoms of HAVS as indicated by the trend of HAVS. The finding can be associated with the climatic condition that may suppress the symptoms related to HAVS. Although majority was found to be symptoms free, the result of positive threshold shift shows 100% at 31.5 Hz and 79% at 125Hz. The finding is supported by [21] indicating that within a year of exposure to vibration, a significant increase of reference threshold shift was observed within 3% of those tested with hand grip test, hand and arm strength and symptoms of HAVS. The finding also indicates that the reference threshold shift increased to 14% after five years of exposure r even though most remained symptom free. Therefore, the lack of evidence to relate between HAV and neurological effect with the mean reference threshold is not a concern as reported complaints were based on one's perception entirely, while VPT detects any changes of nerve tactile which is more accurate. Based from this study, physiological and pathological changes of VPT may be undetected even by the workers themselves.
C. Limitation of the study
In the study, it was difficult to estimate the true HAVS exposure due to the variety use of power tools among the workers. In the current shipyard, they were exposed to many sources of HAVS and the magnitude of HAVS from the power tool exposed varies depending on the horse power and the maintenance of each tool and the tasks.
In addition, the effect may confound by direct exposure to chemicals. Therefore, chemicals with neuropathic effects, such as from paint (with solvent compound) must be measured or assess to determine the level of risk. The rate of evaporation in humid and hot climates should also be taken into consideration.
In order to further determine the severity of HAVS other tests, such as fork tuning, monofilament test, nerve conduction velocity, and thermal tactile tests is recommended.
This study is important as it determine the typical trend of HAVS with sensory threshold shift of VPT resulting from exposure to vibration-induced tools in a tropical and hot environment.
V. CONCLUSION
The study revealed that shipyard workers in a tropical environment had lower prevalence of HAVS compared to those working in a temperate environment. Neurological symptom of numbness was the highest complaint with none reporting having discoloration of the finger.
VPT value of the workers was higher than the normal healthy population. All the workers had a total positive reference threshold shift at 31.5 Hz.
Through statistical analysis, there is no association observed between HAVS complaint with VPT reference threshold shift. Both frequencies of 31.5Hz and 125 HZ indicate a total threshold shift (100%) and up to 79% among the respondent respectively.
